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SYSTEM AND METHOD FOR AUTOMATED PROCESS CONTROL 

CROSS-REFERENCES TO RELATED APPLICATIONS 

The present application claims priority from U.S. provisional application 
60/225,532, Ran J. Flam, System and method for automated project scheduling, filed 
8/16/2000. 



FIELD OF THE INVENTION 

This invention relates to the field of process control, and more particularly 
to techniques for using a database system to implement a table-driven process 
control system. 



BACKGROUND OF THE INVENTION 

To date, the use of computers in process control systems has typically 
been limited to employing a calendar-date activation system that reminds the 
operator when an activity is due to be performed. Conventional process control 
systems suffer from a major drawback. Typically, they rely on a singular input, 
such as calendar date and time, and require human interaction to respond to 
such events and their recurrence and to make decisions and take action 
accordingly; an example of such a system is Outiook, manufactured by Microsoft 
Corporation, with its reminder capability. 

Other systems have filters which can account for a given set of conditions 
and take actions accordingly; an example of such a system is the AR System by 
Remedy Corporation. Even though that system can monitor for multiple pre- 
defined conditions in the process and can schedule the monitoring and any 
actions taken in response to the monitoring, the scheduling is limited to 
scheduling a single occurrence of the monitoring and the associated actions at a 
predetermined date or time or at a recurring fbced time interval. Furthermore, 
although this system has the ability to detect a recurring match of a given set of 
conditions so that additional, and possibly different, actions can be taken based 
on a time interval, as is required when a problem persists and must be escalated, 
the users can neither configure the time intervals nor the actions themselves; 
rather they can only select from a fixed set of component choices. The 
components themselves are not user-definable, and therefore limit the 
extensibility of the escalation functionality. 

Available systems are further limited to doing their monitoring at 
infrequent intervals, since the monitor always has the same response to a given 
condition. If the monitoring is done frequently, say every 10 minutes, the result 
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is a flood of redundant responsive actions unless the output of responsive actions 
is simply curtailed after a fixed number has been sent over a given period of 
time. Neither infrequent monitoring nor ignoring the monitoring is conducive to 
the timely detection of events and conditions in a process that is being controlled. 

Moreover, existing systems lack the ability to perform responsive actions 
based on an overall count of process records matching a given set of conditions, 
and beyond that, they lack the ability to respond to trends over time with regard 
to such counts. Existing systems are therefore unable to provide proactive 
responses that can eliminate the need to take corrective actions. 

Although computer programs can always be developed to implement 
responses to specific conditions arising during a process and to particular 
sequences of conditions, such programs are of limited use, as they require code 
changes whenever new conditions and new requirements arise. Moreover, 
program code is by its nature general, and user-made modifications to a process 
control system's code can have consequences for the system that go far beyond 
what the user intended. 

Because of these deficiencies, there are presently no process control 
systems available that are able to control processes that require many different 
process-related criteria to be continuously monitored and actions taken in 
response thereto at pre-determined times and time intervals and where the 
conditions justifying a certain action may vary substantially from one process to 
another, as may the need to respond to a persistent set of conditions. Moreover, 
such process control systems as have been devised to monitor complex processes 
are not easily or safely configurable or modifiable by their users. 

It is therefore an object of the present invention to overcome the above 
described deficiencies: to eliminate the dependency of such systems on human 
operators; to allow frequent monitoring of conditions and selective execution of 
responsive actions to occur at predetermined times and time intervals; to provide 
timely responses; to automatically detect states of persistent conditions and 
execute different actions as needed, based on the recurrence of given conditions, 
and based on elapsed time between responsive actions; to provide the ability to 
take responsive actions based on trends, so that such actions are proactive, rather 
than reactive; and finally, to configure a system that performs such monitoring 
and executes responsive actions in a safe and user-friendly manner and thereby 
reducing the need to use skilled people to adjust a process control system to 
evolving needs in a timely way. 
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SUMMARY OF THE INVENTION 

The foregoing object of the invention is achieved with a process control 
system that has a server which has access to a database system and executes 
program code for the process control system. The database system includes a 
table of process records, each of which indicates a current status of a process 
being controlled by the system and a table of administrative query records, each 
of which specifies an administrative query that is associated with a query on the 
table of process records and with an administrative activity. When executed, a 
portion of the program code selects one of the administrative queries for 
execution, executes the query associated with the administrative query, and 
performs the administrative activity associated with the administrative query 
with regard to the result set returned by the associated query. 

Other aspects of the invention include association of the administrative 
query with future scheduling information to which the program code, when 
executed, responds by scheduling a future execution of the administrative query, 
and association of the administrative query with scope information that specifies 
a subset of the process records, to which the program code, when executed, 
responds by taking the result set from the subset of the records specified in the 
scope information. The query, the future scheduling information, and the scope 
information are all contained in records in tables in the database and an 
administrative query record specifies its query, scope, and future scheduling 
information by specifying records in those tables. 

Another aspect of the invention is the association of more than one 
administrative activity with an administrative query record. A log table in the 
database system contains information from which a state of a given process 
record returned by a given execution of the administrative treaty may be 
determined, and which of the administrative activities is performed depends on 
the state of the given process record. Moreover, the states may have more than 
one administrative activity associated with them, and which administrative 
activity is performed for a given execution of the administrative query depends 
on the substate. Whether an administrative activity is performed in a substate 
may depend on a temporal or other condition. Information specifying the 
substate is in the log table. 

Further, an administrative activity includes one or more actions which are 
executed when the administrative activity is performed. There are many types of 
actions, including actions which modify a process record in the result set, actions 
which post activities in an activity table in the database system, and actions 
which generate reports. The actions are defined in records in action tables in the 
database system, with an action table for each kind of action. Administrative 
activities are represented by administrative activity type records in an activity 
type table in the database, and each action record for an action belonging to an 
activity has an identifier for the activity's record in the activity type table. The 
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administrative query record is also associated with identifiers for the activity 
type records for the activities performed when the administrative query is 
executed. 

Finally, the database includes an administrative query trend table. A 
5 record in the administrative query trend table is associated with an 
administrative query and specifies an administrative action that is to be 
performed in response to a trend concerning the associated administrative query. 

The foregoing and other objects and advantages of the invention will be 
apparent to those skilled in the arts to which the invention pertains upon perusal 
10 of the following Detailed Description and drawing, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a flowchart depicting the steps by which an exemplary 
13 1 5 embodiment of the present invention operates. 

^3 FIG. 2 shows a flowchart depicting how administrative activities are 

I ij configured in an exemplary embodiment of the present invention. 

m FIG- ^ shows a flowchart depicting how administrative queries are 

, g configured in an exemplary embodiment of the present invention. 

^ 20 FIG. 4 shows a flowchart depicting the steps by which an exemplary 

embodiment of the present invention executes administrative queries. 

FIG. 5 shows a flowchart depicting the steps by which an exemplary 
fl. embodiment of the present invention processes a result set. 

E3 FIG. 6 is a first entity-relation diagram showing relationships between 

25 database tables in the present invention. 

FIG. 7 is a second entity-relation diagram showing relationships between 
database tables in the present invention. 

FIG. 8 is an overview of an implementation of the process control system 
of the present invention. 

30 

In the following discussion, reference numbers are used to refer to 
components of the invention. Each reference number has two parts: the 
rightmost two digits are a number within a figure; the remaining digits are a 
figure number. The figure number is the number of the figure in which the 
35 component first appears. Thus, the first appearance of a component with the 
reference number 203 will be in FIG. 2 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The following Detailed Description will begin with an overview of an 
embodiment of the invention, continue with a detailed description of the tables 
making up the invention and the relationships between them, and conclude with 
5 a detailed description of the operation of the invention. 

Overview of the invention— FIG. 8 

FIG. 8 shows an overview of an embodiment of automated process control 
system 801 that is constructed according to the principles of the invention. The 
10 embodiment is used to control business processes such as handling orders or 
customer complaints, but the techniques of the invention can be employed 
equally well in systems that control industrial or technical processes such as oil 
refining, electric power generation, or telephone or packet switching. 

System 801 is implemented using a standard computer 803 that is 
\3 15 connected to a standard database system 825. In a preferred enabodiment, the 
y3 database system is a relational database system made by Oracle Corporation, of 

m Redwood City, California. Standard computer 803 has a processor 805 which is 

II connected to Internet 807 and to local peripheral devices 808 as well as to 

database system 825. Processor 805 has a memory 809 (understood to include 
m 20 both physical and virtual memory) which includes code executed by processor 
^ 809. Of interest to the present discussion is standard operating system code 811, 

P Internet code 815, for performing functions such as email and interacting with 

Web pages according to the HTTP protocol. Database code 813, which is part of 
iZ and controls the operation of database system 825, and process control code 817, 

□ 25 which is application code that implements the process control system. Process 
control code 817 uses components of the operating system 811, Internet code 815, 
and DB code 813 to interact with Internet 807, local peripheral devices 808, and 
DB system 825. With regard to the interaction with DB system 825, process 
control code 817 issues queries to DB system 825 and receives the results of the 
30 queries from DB system 825. 

In broad terms, process control system 801 works by making records of 
processes that are being controlled in a table in database system 825 and using 
predefined queries that are stored in a table database system 825 to repeatedly 
query the table and perform activities that are predefined for the query on the 

35 result set of records returned by the query. The repeated queries are executed 
automatically by system 801. The predefined and automatically executed queries 
are termed herein administrative queries. An activity is made up of a number of 
predefined actions, and when the activity is performed, system 801 executes its 
actions. The activities to be performed by an administrative query, as well as an 

40 activity's actions, are also defined by entries in tables in the database system, and 
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log tables in the database system determine the state of a process record returned 
by the administrative query with regard to that execution of the administrative 
query. When an execution of a query returns a process record, system 801 uses 
the state information to determine what activity is to be performed with regard 
5 to the process record. 

Current schedule table 823 in memory 809 contains an entry for each 
administrative query which system 801 is repeatedly executing; the entry for the 
query in table 823 includes the time for the next execution of the query by system 
801. Current query and processing plans table 824 is an optimization; when 
10 system 801 begins execution of an administrative query, it reads the information 
needed to execute the administrative query and perform any activities associated 
with it from the records in database system 825 that define the query and the 
activities and stores the information in table 824, where it is quickly and easily 
available to system 801 for use during the execution of the administrative query. 
15 Tables 823 and 824 are updated whenever system 801 checks database system 
825 and finds that configuration tables have changed; such update of table 823 
W and 824 is then performed based on the configuration information fetched from 

database system 825. 

As would be expected from the above overview, database system 825 
M 20 includes PR tables 827, which are the tables that contain the records for the 
processes, PR activity tables 835, containing records that define and log the 
fS activities, action tables 857, whose records define the actions that make up an 

a activity, and administrative query tables 845, which define the administrative 

0 queries that system 801 may execute on the PR tables 827. The definition of an 

25 administrative query includes the query, one or more activities to be performed, 
and the intervals at which the administrative query is to be made. Log tables 
871 keep track of the state of a process with regard to a query and also chart 
|I trends in the processes being controlled. Log tables 871 and program sequence 

855 together permit the activity that is performed when a query finds a PR record 
30 to be selected according to the state of the PR record with regard to the current 
execution of the administrative query. 

To give a concrete example, one type of process that can be controlled by 
system 801 is a customer complaint. The exemplary process for dealing with a 
customer complaint is to assign it to a customer complaint specialist. The 

35 customer complaint specialist is to investigate the complaint and reply to the 
customer within a set time period. If the reply is not timely, the complaint is 
escalated to the customer complaint specialist's supervisor, again with a time 
limit for the supervisor to deal with the problem. The activity that corresponds 
to the escalation is the dispatch of an email message to the supervisor. In system 

40 801, when the complaint arrives, a PR record for the complaint is made in a table 
in PR tables 827. When the complaint specialist replies to the customer, the PR 
record is altered to indicate that the complaint specialist has replied and the time 
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of the reply. System 801 periodically runs a query contained in administrative 
query tables 845 which queries PR table 833 for PR records that indicate that the 
complaint specialist has not timely replied. The query further specifies that 
when the complaint specialist has not timely replied, the activity to be performed 
5 is to escalate the complaint by sending email to the supervisor. When system 801 
finds such a record, it performs the specified activity, as defined by records in PR 
activity tables 835 and in action tables 857. System 801 records the time at which 
the query was run, the fact that the PR record was found and the activity 
performed in log tables 871. As will be explained in detail later, one function of 

10 log tables 871 is to record the state of a process with regard to a given PR record 
and a given execution of a query and to permit different executions of the given 
query to result in different activities being performed for the given PR record, 
depending on the state of the process. For instance, once the escalation is 
recorded in the log tables with regard to the query and the PR record, further 

15 executions of the query will not result in repeated escalation activities. In the 
terminology that is used in the following, once the query has resulted in the 
performance of the escalation activity for the given PR record, the given PR 
record is in a state of Persistent Conditions with regard to the query and because 
the given PR record is in the state of Persistent Conditions, the escalation activity 

20 is not repeated. 

The use of tables in DB system 825 to determine the behavior of the 
process control system makes system 801 highly configurable, but limits the 
configurability so that it can be safely done by non-technical users of system 801. 
All of the tools provided by DB system 825 for configuring entries in its tables are 

25 available to configure the entries in the tables of system 825, as are the user 
interfaces which DB system 825 provides for those tools. These user interfaces 
strongly limit the amount of damage that can be done to the tables, and thereby 
to system 801, by an unskilled user. For example, only a system manager may be 
permitted to define tables or add tables to or delete them from the database; a 

30 less skilled user may be permitted only to add or delete records in existing tables, 
and a completely unskilled user may be permitted only to modify fields in 
existing records. System 801 is made still more safe and easy to use by a 
graphical user interface that is implemented on top of the user interfaces 
provided by DB system 825, Using the graphical user interface, the user of the 

35 system can define PR records as required for the occurrences that are important 
to his or her processes, can define his or her own PR activities in PR activity 
tables 835, can define his or her own queries in administrative query tables 845, 
including the activities to be performed in response to the queries, and can define 
an activity's actions in detail in action tables 857. What can be done by a given 

40 action is limited by the form of its record in the action table to which it belongs, 
and this, too, greatly contributes to the safety with which system administrative 
queries can be configured. In defining the activities to be performed, the user 
can further define states for the process represented by the record and the 
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activities to be performed in the various states. Both configuration and query 
execution are done by process control code 817, which accordingly includes an 
execution module 821, which executes queries and schedules next executions in 
current schedule table 823 and an admin module 819, which adds records to and 
5 deletes them from the tables and configures the individual records. System 801 
can run on a single computer 803, which functions as a server for the system, or 
alternatively it can run concurrently on a plurality of servers for load balancing 
purposes. 

10 Relationships between the tables in DB system 825: FIGs. 6 and 7 

FIGs 6 and 7 are entity-relationship diagrams which show relationships 
between the database tables of system 601 which are important in the present 
context. In relational database systems generally, tables are related to each other 
by values in the tables' records. For example, each record in a first table may 
15 have a record identifier field that contains a unique identifier for the record. 
Each record in a second table may have a record reference field that contains a 
^Ij value which is one of the unique identifiers for the records in the first table. The 

^ unique identifier for a given record in the first table may be used in a query to 

yj locate records in the second table whose record reference field contains the given 

M 20 record. Similarly, the value of the record reference field may be used in a query 
^Lj: to locate the record in the first table whose record identifier field has the value 

S contained in the record reference field in the second table's record. It should be 

. noted here that the relationships between records in tables may be one-to-many, 

p as in the case of the relationship between a given record in the first table and the 

f} 25 records in the second table whose record reference field contains the given 
fZ record's unique identifier, or one-to-one, as is the relationship established by the 

p unique identifier value between a given record in the second table and a record 

l2 in the first table. 

In FIGs. 6 and 7, boxes representing the tables of FIG, 8 are connected by 
30 arrows that are labeled with the name of a field whose value is a unique 
identifier for a record in the table which is the source of the arrow. Values from 
that field also appear in the records of the table which is the destination of the 
arrow and relate those records to the record whose unique identifier they 
contain. The relationship between a record in the table which is the source of the 
35 arrow and records in the table which is the destination is generally one-to-many, 
but is in some cases one-to-one. 

These relationships between records in the tables are used to organize the 
data in the database. For example, in system 801, the records representing 
processes that are being controlled by system 801 are in PR table 833, which 
40 contains one record per process being controlled. In system 801, the user can 
group the records in PR 833 by project, and can group projects by division. The 
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subdivision is done by means of Project table 831 and Division table 829. Each 
record in PR table 833 has a field, projected, whose value is an identifier for a 
record in Project table 831, and that record identifies the project that the record in 
PR table 833 belongs to. Each record in Project table 831 has a field, division Jd 
5 603, whose value identifies a record in Division table 829, and that record 
identifies the division that the record in Project table 831 belongs to. A query on 
PR table 833 by a given value of projectjd 605 will return all of the records in PR 
table 833 for processes that belong to that project. Project table 831 and Division 
table 829 are related in the same way by division_id 603. 

10 A set of relationships that is particularly important for the present 

discussion is the set of relationships between the tables PR 833, PR„activity 839, 
PR_activity„type 837, Admin_activity_type 841, Action tables 857, Admin__query 
853, and Program_sequence 855. All of these tables have to do with the 
performance of activities for processes. There are two broad classes of activities- 
15 ones done by human users of system 801 and ones done by system 801 itself in 
connection with executions of administrative queries on PR table 833 that return 

U non-empty result sets. The latter activities are termed administrative activities. 

;J^; The administrative activities are performed with reference to the PR records of 

the result sets. In the present context, we are primarily concerned with 

rii 20 administrative activities. 

Jp? An important feature of system 801 is that a user can define his or her own 

f| activities. The mechanism for doing this is PR^activity_type table 837, whose 

. records represent descriptions of activities. Each such description is termed 

g herein a PR activity type. Fields in other tables of FIGs. 6 and 7 whose values are 

25 identifiers for PR^activityJype records have the name pr_activity_type, which 
f j! appears at 609 in FIGs. 6 and 7. The PR^activity_type records that represent 

pjl descriptions of administrative activities form a logical subtable of 

Ji PR_activity_type table 837, This subtable appears as Admin_activityJ:ype table 

841 in FIGs. 6-8. In the following, the descriptions in subtable 841 are termed 

30 herein Admin activity types. 

An Admin activity type is effectively a kind of program for the 
administrative activity. When system 801 performs an administrative activity, it 
executes the Admin activity type for the administrative activity with regard to a 
specific PR record returned by an execution of an administrative query. One can 

35 thus speak of an execution of an Admin activity type with regard to a given PR 
record. As is generally the case with programs, the specific activity resulting 
from a given execution of an Admin activity type may depend not only on the 
Admin activity type, but also on values contained in the PR record with regard to 
which the Admin activity type is being executed. Which Admin activity type is 

40 selected for execution may further depend on the state of the given PR record 
with regard to the execution of the administrative query. 
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When system 801 executes an Admin activity type, it performs one or 
more actions. Each of the actions is described in a record in action tables 857. 
Each record in action tables 857 is related to a specific Admin activity type by a 
field in the action table record whose value is the identifier for the Admin 
activity type's record in PR_activity_type table 841, as seen in FIG. 6. There can 
thus be many records in action tables 815 related to a given Administrative 
activity type. When the Administrative activity type is executed, all of the action 
table records related to the Administrative activity type are executed. The result 
of the execution of a given action table record may depend on values in the PR 
record v^ith regard to which the Admin activity type is being executed. 

PR_activity table 839, finally, is a table whose records represent activities 
that have been performed or are scheduled to be performed with regard to a 
given PR record. Thus, as shown in FIG. 6, each PR_activity record includes a 
unique identifier (prjd 607) for a record in PR 833 and a unique identifier 
(pr_activity_type 609) for the record in PR_activity_type table 837 that represents 
the PR activity type for the activity represented by the record. In the case of 
administrative activities, the record in PR_activity table 839 represents the 
activity which system 801 performs when it executes the Admin activity type 
specified by pr_activity_type 609 on the PR record specified by prJd 607. 

As shown in FIG. 6, each record representing an administrative query in 
Admin_query table 853 includes a unique identifier for a record in 
PR_activity_type table 837. The record is the Admin activity type which system 
801 executes the first time the administrative query returns a given PR record to 
perform the initial administrative activity. It has already been indicated that 
when consecutive executions of the administrative query return the given PR 
record, the given PR record is in a state of Persistent Conditions with regard to 
the administrative query and on subsequent executions of the administrative 
query, system 801 may perform administirative activities other than the initial 
administrative activity with regard to the PR record. Administrative activity 
types for these other administrative activities are specified in records in 
Program_sequence table 855 that are associated with the administirative query, 
and accordingly, each of these records includes a unique identifier for a record in 
PR_activity_type table 853. 

Details of PR tables 827 

As already explained, there is a record in PR table 833 for each process 
being confaroUed by system 801, and Project table 831 and Division table 829 
organize the PR table records by project and the projects by divisions. 

PR table 833 
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A record in PR table 833 looks like this: 

PR( 





id 


NUMBER (12) NOT NULL, 


5 


project_id 


NUMBER (12) , 




ref number 


VARCHAR2 (40) , 




name 


VARCHAR2 (80) , 




parent id 


NUMBER (12) , 




status type 


NUMBER (6) , 


10 


category_type 


NUMBER (6) , 




reason_opened_type 


NUMBER (6) , 




priori ty_type 


NUMBER (6) , 




sever ity_type 


NUMBER ( 6 ) , 




exposure_type 


NUMBER (6) , 


15 


entity id 


NUMBER (12) , 




cus t ome r__r e l_i d 


NUMBER (12) , 




originator_rel_id 


NUMBER (12) , 




responsible_rel_id 


NUMBER (12) , 




required_time 


NUMBER(10,2) , 


20 


required_cost 


NUMBER(12,2) , 




date_opened 


DATE, 




date_due 


DATE, 




date_closed 


DATE, 




date_last_activity 


DATE, 


25 


date_current state 


DATE, 




is__closed 


NUMBER (1) , 




date_created 


DATE NOT NULL, 




date_updated 


DATE NOT NULL, 




created_by_rel_id 


NUMBER (12) , 


30 


updated_by_rel__id 


NUMBER (12) , 




primary key (id) 





PR table 833 contains all process records (PR records) in the database. The 
35 data fields in this table describe a process and contain such information as 
priority, customer and date due. A first group of the fields must appear in every 
PR record; other fields may be added as required by the application. The other 
fields in the present example offer a typical example of how a PR record may be 
configured. 

40 

Essential fields 

The essential fields of a PR record are: (a) id: a unique ID for the record in 
this table, referred to in FIGs. 6 and 7 as pr_id 607, (b) project_,id: the ID of the 
record in Project table 833 for the project that the project represented by the given 
45 PR record belongs to, (c) date_created: the exact date/ time that a given PR is 
created, i.e., that the given row into the PR has been inserted, (d) date_opened: 
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the date/ time that the associated process, event, etc. should be associated with, 
e.g., the date/ time that a customer called with a request, (e) parentjd: the ID of a 
parent PR, if any, (f) status_type: current status of the PR, e.g., ''Opened'', and 
''Work in Progress", (g) is__closed: a Boolean value indicating whether a PR is 
closed or is still active, (h) date_due: the date due for completing a process, i.e., 
date due for closing a PR, (i) created_by_reljd: a specific ID of a person who 
created the given PR record in the database, (j) originator_reLid: a specific ID of 
a person who is considered the originator or the "sponsor" of the given PR, (k) 
responsible„rel_id: a person that is assigned to the given PR, referred to as the 
Assigned To, (1) updated_by_rel_id: a specific ID of a person that the given PR 
was last updated by, (m) date_current_state: a date/ time that the status of the 
given PR was last changed, (n) date_closed: a date/ time that the given PR was 
closed, if at all, (o) datejast_activity; a date/ time that a PR Activity was last 
performed for the given PR, (p) customer_rel_id: a specific ID of a contact 
associated with the given PR, (q) entityjd: a specific ID of a company associated 
with the given PR, and (r) date_updated: a date and time that a given record in 
the PR table was last updated. 

Fields defined for a particular application 

The following additional PR data fields are examples of additional fields 
that can be defined as needed): (s) category^type: a value from a "Category" 
pick-list, with possible selections such as: "Hardware", "Software", and 
"Documentation", (t) reason__opened_type: a value from a "Reason Opened" 
pick-list, with possible selections such as: "Service Request", "Problem Report", 
and "Request for Information", (u) priority_type: a value from a "Priority" pick- 
list, with possible selections such as: "Low", "Medium", and "High", (v) 
severityjype: a value from a "Severity" pick-list, with possible selections such 
as: "Low", "Medium", and "High", (w) exposure_type: a value from an 
"Exposure" pick-list, with possible selections such as: "Limited", "All 
Customers", and "All Customers and Employees", (x) required_time: estimated 
time to complete the given PR, (y) required_cost: estimated time to complete the 
given PR. 
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Project table 831 

A record in Project ta 

Project ( 

id 

name 

division_id 

project_type 

created_by_rel_id 

updated_by_rel_id 

date_created 

date_iipdated 

primary key (id) 



831 looks like this: 



NUMBER (12) NOT NULL, 
VARCHAR2(80) NOT NULL, 
NUMBER (6) NOT NULL, 
NUMBER (6) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
DATE NOT NULL, 
DATE NOT NULL, 



) 

Project table 831 has a record for ail of the projects defined for a given 
database. As described above, every PR record is associated with a given Project, 
and thus, it can be said that all PRs in a database are ''grouped" by their 
respective Projects. Similarly, a Project is associated with a given record in 
Division table 829, and thus, it can be said that all Projects in a database are 
further ''grouped'' by their respective Divisions. 

This table contains the following data fields: (a) id: a unique ID in this 
table, (b) name: Project name, e.g., "Customer Support", "R&D Work Items", and 
"Assembly Line Controls", (c) divisionjd: a specific Division ID that a given 
Project is associated with; thus enabling the grouping of Projects by Divisions, 
(d) project_type: a value from a "Project Type" pick-list, with possible selections 
such as: "Manufacturing", "Administrative", and "Human Resources", (e) 
created__by_reLid: a specific ID of a person who created the given Project record 
in this table, (f) updated_by_reLid: a specific ID of a person that last updated the 
given Project record in this table, (g) date_created: date/ time that the given 
Project record was created in this table, (h) date__updated: the date and time that 
this record was last updated. 



Division table 829 

A division table record looks like this: 



Division ( 

id 

name 

created_by__rel_id 
upda t e d_by_r e l_i d 
date__created 
date_updated 
primary key (id) 



NUMBER (12) NOT NULL, 
VARCHAR2(80) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
DATE NOT NULL, 
DATE NOT NULL, 
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The Division table is a table that contains all Divisions defined for a given 
database. A Division is a group of Projects, and a Project is a group of PRs. 

5 This table contains the following data fields: (a) id: a unique ID in this 

table, (b) name: Division name, e.g., ''California Site'', and ''New Jersey Site'', (c) 
created„by_reLid: a specific ID of a person who created the given Project record 
in this table, (d) updated„by___rel_id: a specific ID of a person that last updated 
the given Project record in this table, (e) date_created: date/ time that the given 
10 Project record was created in this table, (f) date_updated: the date and time that 
this record was last updated. 



PR activity tables 835 

PR„activity type table 837 contains the PR activity types for the activities 
15 performed manually by users of system 801 or automatically by system 801 itself 
Q when an administrative query returns a non-empty result set. PR_activity table 

^ y 839 is the collection of all activities, of either class, that were performed or are 

fj, scheduled to be performed for all the processes represented by PR records in PR 

M table 833. 

J[J 20 FRjictivityJype table 837 

13 A record in PR_activityJ:ype table 837 looks like this: 

PR_activity_type ( 

id NUMBER (12) NOT NULL, 

is_admin NUMBER (1) NOT NULL, 

pi 25 name VARCHAR2 (80), 

y can_SGhediile NUMBER (1), 

J't min members NUMBER (2) NOT NULL, 

require_summary NUMBER (1) NOT NULL, 

summary_prompt VARCHAR2 (12 0), 

30 can_edit NUMBER (1) NOT NULL, 

edit_summary_only NUMBER (1) NOT NULL, 

date_updated DATE NOT NULL, 

primary key (id) 



35 



) 



Each record in PR_activity__type table 837 represents a PR activity type. If 
the value of the is_admin field is 1, the record belongs to Admin_activity_type 
subtable 841 and represents an Admin activity type. The PR_activity table 
contains the following data fields: (a) id: a unique ID in this table, (which unique 
40 ID is referred to as pr_activity_type 609 by related tables seen in FIGs. 6 and 7), 
(b) is_admin, described above; (c) name: a specific name given to the PR Activity 
Type, e.g., "Call Customer", "Work Initiated", and "Close - Done", (d) 
can_schedule: if the value equals one, such a PR Activity Type can be scheduled 



14 



spartaOl.OOl 



by a user, otherwise, it can only be posted as a performed activity, (e) 
min„.members: minimum number of activity participants that are required for 
the given PR Activity Type, (f) require_summary: if the value equals one, the 
given PR Activity Type can be performed only if an activity summary is entered, 
(g) can_edit: if the value equals one, a PR Activity performed using the given PR 
Activity Type can be edited, otherwise, it can not be edited at all, (h) 
edit__sunnnary_only: if the value equals one, the summary of the PR Activity 
performed using the given PR Activity Type can be edited, otherwise, it can not 
be edited at all, and (i) date_updated: the date and time that this record was last 
updated. 

When a record represents an Admin_activity_type, some of the fields have 
special values: can_schedule is not relevant, it is actually set to zero (0). 
Similarly, min_members = 0, and require_summary and summary_prompt are 
set to "neutral", meaningless values. The field can_edit is set to 0, as is 
edit_summary„only. 



FRjictivity table 839 

A record in PR_activity 

PR_activity ( 

id 

pr_id 

pr_ac t i vi ty_type 

short_description 

summary 

date_posted 

date_scheduled 

date_perf orraed 

post ed_by_r e l_i d 

updated_by_rel_id 

responsible_rel_id 

status_origin 

status_af ter 

date__updated 

primary key (id) 



839 looks like this: 



NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER ( 6 ) , 
VARCHAR2 (120) , 
LONG, 

DATE NOT NULL, 

DATE, 

DATE, 

NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER (12) , 
NUMBER (6) , 
NUMBER ( 6 ) , 
DATE NOT NULL, 



PR_activity table 839 is a table that contains records representing activities 
that are scheduled to be or have been performed for processes represented by PR 
records. Each record indicates the activity's PR_activity type and the PR record 
for the process. When a record is added to PR_activity table 839 as a result of 
the scheduling or performance of an activity for a process, the activity is said to 
have been posted. A PR activity record contains the following data fields: (a) id: 
a unique ID in this table, (b) pr_id: the ID of the record in PR table 833 with 
which this record is associated; (c) pr_activity_type: the identifier of a record in 
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PR_activity_type table 837 that represents the activity's PR_activity type, (d) 
short_description: a short summary of the activity, e.g., ''Called customer to 
clarify request'', (e) summary: detailed description of the actions taken by the 
activity, (f) date„posted: date/ time that the given record in the PR__activity table 
was created, (g) date_scheduled: date/ time that the given PR Activity is 
scheduled to be performed, (h) date_performed: date/ time that the given PR 
Activity was performed; this value is null if not yet performed, i.e., if still 
scheduled, (i) posted_by_reLid: a specific ID of a person who posted the given 
PR Activity, (j) updated„by„reljd: a specific ID of a person who last updated the 
given PR Activity, (k) responsible_reLid: a specific ID of a person that is 
responsible for performing the given PR Activity, (1) status_origin: a PR status 
that was in effect prior to performing the given PR Activity, e.g., "Opened", (m) 
status_after: a PR status that went into effect after performing the given PR 
Activity, e.g., "Work in Progress", and (n) date_updated: the date and time that 
this record was last updated. 

When the activity represented by a record in PR_activity table 837 is an 
administrative activity, posting occurs only after system 801 has performed the 
administrative activity. System 801 automatically sets many of the above data 
fields to special values when it posts the record. The date scheduled is set to 
null, the date_performed is the then date/ time that system 801 has posted the 
record, and the responsible„rel_id is set with a symbolic "admin" user, as is the 
posted__by_rel_id. Summary is set with an indication that "this activity is an 
administrative activity posted due to certain conditions with regard to the PR. 
Also included in the summary is the PR_query.description, i.e., the value in the 
'description' field of the PR_query record for the administrative query whose 
execution caused the administrative action to be performed. 

Administrative query tables 845 

Admin_query table 853 contains a record for each of the administrative 
queries, referred to as Admin Query (AQ), which system 801 can make. An 
administrative query has the following components: 

• a query (the query is an SQL query in a preferred embodiment); 

• a scope specifier for the query. The scope specifier specifies a subset of 
the records in PR 833 over which the query will be run; 

• a schedule specifier for the query; this contains information that 
system 801 uses to figure out when the query is to be executed; 

• an initial administrative activity specifier, which specifies an 
administrative activity which will be performed when a PR record 
which is returned by an execution of the administrative query is in the 
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state of First Occurrence with regard to the execution of the 
administrative query. 

An administrative query is further associated with a program sequence that 
specifies administrative activities that are performed for returns of the specific 
5 record in PR 833 by executions of the administrative query for which the record 
is in the state of Persistent Conditions with regard to the execution. The states of 
Persistent Conditions and First Occurrence will be described in more detail in 
connection with the discussion of log tables 871. 

As shown in FIG. 6, the definition of each of the administrative query's 
10 components is contained in a record in another table that is referenced by the 
record in the Admin„query table 853; thus, the query is defined by a record in 
PR_query table 847, the scope by a record in AQ_scope table 849, the schedule by 
AQ_schedule table 851, and the initial administrative activity by the record in 
PR_activity_type table 837 for the initial administrative activity's Administrative 
15 activity type. One consequence of this arrangement is that queries, scopes, 
schedules, and Administrative activity types may be shared by any number of 
administrative queries, which greatly simplifies the configuration of 
administrative queries in system 801. Types of administrative activities which 
|iy are performed when a PR record which is returned by an execution of an 

Q 20 administrative query is in the state of Persistent Conditions with regard to that 
execution are specified in Frograni_sequence table 855. All of these tables will be 
described in detail in the following. 

Admin_query table 853 
25 A record in Admin_query table 853 looks like this: 

n Admin query ( 

id NUMBER (12) NOT NULL, 

pr_query_id NUMBER (12) NOT NULL, 

aq_scope_id NUMBER ( 12 ) , 

30 aq_schedule_id NUMBER (12) NOT NULL, 

pr_activity_type NUMBER (12) NOT NULL, 

aq_priority_type NUMBER (6) NOT NULL, 

is_active NUMBER (4) NOT NULL, 

date_updated DATE NOT NULL, 

35 primary key (id) 

) 

The Admin_query table specifies all the components of the Admin Query 
(AQ). This table contains the following data fields: (a) id: unique Admin Query 
ID, referred to as the AQ ID, (b) pr_queryjd: the ID of the record for the query 
40 to be executed in PR__query 847, (c) aq_scope jd: the ID of record for the scope to 
be used in AQ_scope 849, (d) aq_schedule„id: the ID of the record for the 
schedule to be used in AQ__schedule 851, (e) pr_activity_type: the unique 
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0 20 



identifier for the initial activity's Admin activity type record in PR_activity__type 
table 837; (f) aq_priority_type: the Priority Group that this AQ should be 
executed under; the priority of the administrative query represented by this 
record is indicated by a value between 1 and 10 in this field; in single server 
systems, the priority decides the order in which a set of administrative queries 
that are scheduled to be executed at the same time are in fact executed; in 
multiple-server systems, the priority is also used to determine which servers 
execute which administrative queries; (g) is_active: indicates whether the given 
AQ is still active, i.e., should this AQ be considered for execution as scheduled, 
or is it a "retired'' AQ, i.e. one that should no longer be executed, and (h) 
date_updated: the date and time that this record was last updated. It should also 
be noted that in other embodiments, the initial administrative activity might 
simply be the administrative activity specified in the first record in the query's 
program sequence. 

PR_query table 847 

A record in PR_query table 847 looks like this: 



25 



PRquery ( 

id 

name 

sql__f rom 
sql_where 
description 
date_updated 
primary key (id) 



NUMBER (12) NOT NULL, 
VARCHAR2(40) NOT NULL, 
VARCHAR2 (256) NOT NULL, 
LONG NOT NULL, 
VARCHAR2 (1024) , 
DATE NOT NULL, 



Administrative queries are SQL queries. PR_query table 847 specifies the 
SQL FROM, WHERE, and ORDER clauses of the SQL query. This table contains 
30 the following fields of data: (a) id: unique Query ID, (b) name: given Query 
name, (c) sqljrom: the SQL FROM clause, (d) sqLwhere: the SQL WHERE 
clause, (e) description: the description (user language) of what the Query is 
about, and (f) date„updated: the date and time that this record was last updated. 



35 AQ_scope table 849 

A record in this table looks like this: 



40 



AQ scope ( 



id 

name 

projects_ids 
date_updated 



NUMBER (12) NOT NULL, 
VARCHAR2 (254) NOT NULL , 
TEXT NOT NULL, 
DATE NOT NULL, 
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primary key (id) 

) 

A record in AQ_scope table 849 specifies a scope for an administrative 
query, that is, it defines a subset of the records in PR 833 over which the query is 
5 to run. In the preferred embodiment, the subset is defined by specifying selected 
projects defined in Project table 831. The subset is made up of all of the records 
in PR table 883 whose project„id fields specify records in Project table 831 for the 
selected projects. 

This table contains the following data fields: (a) id: unique Scope ID, (b) 
10 name: given Scope name, (c) project„ids: a list of the names of all projects to be 
included (thus, filtering out other projects); the names are values of name fields 
in records in Project table 831; and (d) date_updated: the date and time that this 
record was last updated. 

15 AQ_schedule table 851 and AQ_schedule_detail table 852 

These tables contain information that system 801 uses to schedule the next 
execution of an administrative query. Beginning with AQ_schedule table 851, a 
record in the table has the following fields: 

AQ_schedule ( 

20 id NUMBER (12) MOT NULL, 

name VARCHAR2 (254) NOT NULL, 

date_updated DATE NOT NULL, 

primary key (id) 

) 

25 A record in AQ_schedule table 851 specifies a schedule for executing an 

administrative query. This table contains the following data fields: (a) id: unique 
Schedule ID, (b) name: given Schedule name, and (d) date_updated: the date and 
time that this record was last updated. The value of the unique identifier for the 
record is used to locate a record in the AQ_schedule_detail table that contains the 

30 actual information used to schedule the query. 
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A record in AQ_schedule_detail table 852 looks like this: 
AQ_schedule_detail ( 

id NUMBER (12) NOT NULL, 

aq_schedule_id NUMBER (12) NOT NULL, 

5 day_in__week NUMBER { 4 ) , 

day_in_month NUMBER ( 4 ) , 

start_time NUMBER (6) , 

end__t ime NUMBER ( 6 ) , 

time_interval NUMBER (12 , 2) , 

10 date_updated DATE NOT NULL, 

primary key (id) 

) 



A record in AQ_schedule_detail table 852 specifies the Schedule details 
15 for the AQ schedule represented by the record in AQ_schedule table 851 referred 
to by the value in the aq_schedule_id field. The schedule detail determines when 
an administrative query that specifies the schedule will be executed. This table 
contains the following data fields: (a) id: unique ID in this table, (b) 
aq_schedule_id: the ID of the record in AQ_schedule table 851 for the schedule 
■ 20 that is using this Schedule Detail, (c) day_irL_week: day in the week that the 
query is to be executed, e.g., 1 = Sunday, 2 - Monday, etc. (d) day_in_month: day 
in the month to be executed, e.g., 1 = the first day in the month, 2 = the second 
day in the month, etc, (e) start_time: the first time to execute the AQ during the 
given day, (f) end_time: the last time to execute the Query in the given day, (g) 
J 25 the time interval, specified in minutes, between consecutive Query executions, 
and (h) date__updated: the date and time that this record was last updated. 

When an administrative query that uses the AQ_schedule detail record is 
executed, the information in the AQ_schedule_detail record is used to update the 
administrative query's record in current schedule table 823 to specify the next 
30 execution of the query. Where a time interval is specified, it is added to the time 
specified for the last execution of the query in the administrative query's record 
in current schedule table 823. The administrative query thus effectively 
schedules its next execution itself. One advantage of this arrangement is that the 
form of a record in current schedule table 823 is independent of the kind of 
35 scheduling being done; further, the table itself need have only one record for a 
given administrative query, regardless of the frequency with which the given 
administrative query is being executed or the complexity of its execution 
schedule. 

40 Program_sequence table 855 

Program_sequence table 855 specifies additional activities that can be 
performed for a process whose record in PR 833 has been retrieved by an 
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execution of an administrative query with regard to which the retrieved PR 
record is in the state of Persistent Conditions. A record in Program_sequence 
table 855 looks like this: 

Program sequence ( 

5 id 

admi n_query_i d 
sequence_nuTnber 
t ime_int e rva 1 
pr_activity_type 
10 program_control 
date__updated 
primary key (id) 

) 

15 There may be a number of records in Program_sequence table 855 for a 

given administrative query. The set of records for the given administrative 
rjl query is called the administrative query's program sequence. The program 

^3 sequence associated with a given administrative query specifies administrative 

^3 activities that are to be executed with regard to a PR record that is in a state of 

3; 20 Persistent Conditions with regard to the current execution of the administrative 
tS^ query. The set of records specifies not only the administrative activities, but also 

j% the order in which they are performed by executions of the administrative query 

tM for which the PR record is in the state of Persistent Conditions, and the temporal 

5 conditions under which they are to be executed. The parts of a program 

5; 25 sequence record that specify these things are termed instruction elements^ and 
ft taken together, the instruction elements in a program sequence record define an 

I'm instruction. In the preferred embodiment, each record in Program^sequence table 

pi 855 specifies a set of three instruction elements: a Type instruction element an 

\^ Admin Activity Type instruction element, and an Elapsed Time instruction 

30 element. The Type instruction element specifies the Program sequence record 
that will be used the next time the query with which the program sequence 
record is associated is executed; the Admin Activity Type instruction element 
specifies the Administrative activity type of the activity to be performed and is 
thus a pr_activity__type field 609 referencing Admin_activity_type subtable 841; 
35 the Elapsed Time instruction element specifies a minimum time from the time 
the last administrative activity was executed by the query for a given PR record 
to the time the administrative activity specified by this Program__sequence record 
is to be executed. Other embodiments may have different instruction elements 
and more or fewer of them. 

40 

A record in Program_sequence table 855 contains the following data 
fields: (a) id: unique Program Sequence record ID, (b) admin„query„id: the id of 
the record in Admin_query 853 for the query that this record is associated with, 

21 



NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER (6) NOT NULL, 
NUMBER (12, 2) , 
NUMBER (12) , 
NUMBER (6) NOT NULL, 
DATE NOT NULL, 
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(c) sequence_number: the sequence number for the record in the program 
sequence for the administrative query specified by the value of admin_query_id; 

(d) time__interval: the Elapsed Time instruction element, (e) pr_activity_type: the 
Admin activity type of the activity to be performed; this field is the Admin 

5 Activity Type instruction element; (f) program_control: the Type Instruction 
Element; this field may have values from the group of: (fl) Stop, (f2) Next, or (f3) 
Continue, where Stop means ceasing to execute any further administrative 
activities for a given PR record while the given PR record is in the state of 
Persistent Conditions with regard to an execution of the Admin Query, Next 

10 means using the next program sequence record in the query's program sequence 
the next time the query is executed, returns the given PR record, and the given 
PR record is in the state of Persistent Conditions with regard to the execution, 
and Continue means again executing the present program sequence record the 
next time the query is executed returns the given PR record, and the given PR 

15 record is in the state of Persistent Conditions with regard to the execution, and 
(g) date_updated: the date and time that this record was last updated. It should 
be noted that in other embodiments, the Type instruction element may be able to 
specify any program sequence record in the query's program sequence, i.e., the 
Type instruction element may function as a "goto" or include a conditional 

20 branch. 

The Elapsed Time Instruction element specifies the minimum elapsed 
time from the previous time that an administrative activity was performed for a 
given administrative query and a given PR record to the time when the 
administrative activity specified in the current record in the Program_sequence 

25 table 855 should next be executed. More specifically, if a PR record is in the state 
of Persistent Conditions when the given administrative query is executed again, 
but the time elapsed from the last action taken to the current time is less than the 
specified Elapsed Time, then the administrative activity specified in the current 
program sequence record will not be performed and the current value of the 

30 Next Sequence Pointer will remain unchanged. As a result, the same record in 
the Program Sequence Table will be considered again if the state of Persistent 
Conditions still exists for the given PR record on the next execution of the given 
AQ that returns the given PR record. 

Example of a program sequence and its execution 

35 An example of a program sequence associated with an administrative 

query ''All Past Due Items'' that returns PR records 833 with items that have 
passed their deadlines without action being taken is the following: 

Program sequence record for the "All Past Due Items" query with 
sequence_number ~ 1: 

40 Type = "Next"; 

Elapsed Time 30 minutes; and 
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Administrative activity type to be Executed = "Send email 
notification and escalate priority" 

Program sequence record for the "All Past Due Items" query with 
sequence_number = 2: 

5 Type = "Continue"; 

Elapsed Time = 24 hours; and 

Administrative activity type to be Executed = "Notify 
management" 

According to this example, if the AQ "All Past Due Items" is scheduled for 
10 execution every day and once every hour of the day, and if PR record #1012 was 
first included in the Result Set (the set of records returned by the query) at 10:00 
AM on a given day, then the Initial administrative activity specified in the query 
will be executed with regard to PR record #1012 and a Next Sequence Pointer in 
the record for the query and PR record in AQ_PR_-log 875 will be set to the 
15 numeric value of one. Thereafter, if this PR is in the state of Persistent 
Conditions (as determined from records for the query and PR record in 
Admin__query_log 873 and AQ_PRJog 875) at 11:00 AM, system 801 will retrieve 
the record in the query's program sequence in which sequence_number=l, and 
since the specified Elapsed Time is 30 minutes and the actual elapsed time from 
20 the previous execution is one hour, the condition of the Elapsed Time will have 
been satisfied and system 801 will execute the Administrative activity type 
specified by the value of the record's pr__activity„type and will increment the 
Next Sequence Pointer by one, so that it points to the second program sequence 
record in the program sequence. 

25 When system 801 next executes the administrative query associated with 

the program sequence at 12:00 PM, if PR #1012 is still part of the result set and 
PR #1012 is in the state of Persistent Conditions, system 801 will follow Next 
Sequence Pointer to the second record in the program sequence for the 
administrative query. However, since the Elapsed Time specified for this 

30 sequence record is 24 hours, and since the actual elapsed time from the previous 
execution is only one hour, the condition of Elapsed Time of 24 hours will not be 
satisfied and therefore the administrative activity for this sequence record will 
not be performed. Since the administrative activity was not performed, the Next 
Sequence Pointer will not be incremented. The specified administrative action 

35 will only be performed if PR #1012 continues to be in the state of Persistent 
Conditions throughout the next 23 hours, and it will not be until system 801 
executes the "All Past Due Items" AQ the next day at 11:00 AM that the "Elapsed 
Time" Instruction Element of 24 hours will be satisfied, at which time system 801 
will perform the administrative action of the type "Notify Management" 

40 specified for the second record in the program sequence. Having performed the 
administrative action, system 801 will perform the operation specified by Type 
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on the Next Sequence Pointer. Type specifies "Continue", and consequently, 
system 801 will not change the value of the Next Sequence Pointer. Therefore, as 
long as PR #1012 stays 'Tast Due'', management will continue to be notified 
every day at 11:00 AM that PR #1012 is in such a state. The above example 
5 shows how detection of the state of Persistent Conditions and an administrative 
query's program sequence can be used to enable system 801 to check the status of 
a process with a high degree of frequency without generating notifications on 
every status check. 

It should be pointed out here that, seen in general terms, an 
10 administrative query's program sequence defines a set of behaviors that 
correspond to a set of substates that a PR record may be in when the PR record is 
in the state of Persistent Conditions with regard to an execution of an 
administrative query. In the preferred embodiment, information about what 
substate a given PR record is presently in is preserved between executions of the 
15 query in the Next Sequence Pointer in the record for the query and the given PR 
record in AQ_PR_log 875 In other embodiments, the substate information may 
be preserved between executions of the query in other forms. 



Details of log tables 871 

20 Admin_queryJog table 873 and AQ_PRJog 875 together contain the 

information that system 801 uses to determine when to perform the next 
administrative activity for a PR record returned by an execution of a given 
administrative query and what administrative activity the next administrative 
activity should be. 



r: 25 



Admin_query_log 873 

A record in this table looks like this: 

Adminquerylog { 

id NUMBER (12) NOT NULL, 

30 aQLSCope__id NUMBER (12), 

admin__query_id NUMBER (12) NOT NULL, 

pr_query_id NUMBER (12) NOT NULL, 

hos t_name VARCHAR2 (254), 

datetime_executed DATE NOT NULL, 
35 pr_count_matched NUMBER ( 12 ) , 

pr_count_executed NUMBER (12), 

date__updated DATE NOT NULL 

) 

Admin_queryJog table 873 logs the execution of every administrative 
40 query by system 801. There is a record for every execution of each of the 
administrative queries. Records in the table contain the following data fields: (a) 
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id: unique AQ Log ID, (b) aq„scope_id: the ID of the record in AQ__scope table 
849 for the scope of the execution of the administrative query represented by the 
record; (c) admin_query_id: the ID of the record in Admin_query table 853 for 
the administrative query whose execution is represented by the 
5 Admin_query__log record; (d) pr_query_id: the ID of the record in PR_query 847 
that defines the query used in the execution represented by the record; (e) 
host_name: which server this AQ executed on in the execution represented by 
the record, (f) datetime_executed: the date and time of the execution represented 
by the record; this field is set after system 801 has performed any necessary 

10 administrative actions on all of the PR records in the result set returned by the 
administrative query; this value is further one of the values used to determine 
whether Persistent Conditions exist with regard to the current execution of the 
administrative query and a particular PR record returned by the execution; (g) 
pr_count_matched: the count of PRs that matched given Query (set of 

15 conditions) in the execution represented by the record; (h) pr_count_executed: 
the count of PRs for which an administrative action was performed during the 
n execution represented by the record, and (i) date_updated: the date and time 

that this record was last updated. 

J2 20 AQJPRJog table 875 

This table has a record corresponding to each PR record returned by a 
given execution of an administrative query. This record further contains the 
!,^^ Next Sequence Pointer that determines which Administrative activity type will 

]^ 25 next be executed by system 801 for the given query and PR record. 

! ri AQ_PR_log ( 

0 id NUMBER (12) NOT NULL, 

U admin_quer}^id NUMBER (12) NOT NULL, 

pr_id NUMBER (12) NOT NULL, 

30 date_aq_executed DATE, 

date_aa_executed DATE, 

pr_activity_type NUMBER (12) NOT NULL, 

next_sequence NUMBER (6) , 

date_updated DATE NOT NULL 

35 ) 

AQ PR log table 875 logs PR records that were returned when a given 
administrative query was executed. Each record represents a particular PR 
record-administrative query execution pair. A record contains the following data 
40 fields: (a) id: unique id of the record in the table, (b) admin_query_id: the ID of 
the particular administrative query that was executed, (c) pr_id: an identifier for 
the PR record that was returned when the given administrative query was 
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executed; (d) date_aq_executed: the date and time of the particular execution of 
the administrative query; this value is equal to the value of the 
datetime_executed field in the Admin_query_log table record for the same 
particular execution of the administrative query; (e) date_aa_executed: the date 
5 and time that the last administrative action was performed for the administrative 
query and PR record; (f) pr_activity_type: the Administrative activity type for the 
most recently performed administrative activity; (g) next_sequence: the value of 
the Next Sequence Pointer, and (h) date_updated: the date and time that this 
record was last updated. 

10 Using AQ_PR_log table 875 and Admin_query_log 873 to determine whether a process 
represented by a PR record is in a state of Persistent Conditions or a state of First 
Occurrence 

A given PR record is in a state of Persistent Conditions with regard to an 
execution of a given administrative query that returns the given PR record if the 
15 immediately preceding execution of the given administrative query also returned 
the given PR record. This of course means that the process condition which the 
given administrative query is intended to monitor is persisting with regard to the 
given PR record. If the given PR record is not in a state of Persistent Conditions, 
it is in a state of First Occurrence, 

fp 20 When system 801 executes the given administrative query, the execution 

^ returns the given PR record, and the given PR record is in a state of First 

CCl Occurrence with regard to the execution, system 801 performs the initial 

administrative action specified for the given administrative query. When the 
Jj! given PR record is in a state of Persistent Conditions with regard to the 

Tl 25 execution, system 801 performs the administrative action specified in the 
Program__sequence table record for the given administrative query that is 
pointed to by the current value of the Next Sequence Pointer. 

A preferred embodiment of system 801 detects the existence of a state of 
Persistent Conditions or a state of First Occurrence for a given execution of an 
30 administrative query and a given PR record returned by that execution from the 
information about executions of the given administrative query that is contained 
in Admin„query_log table 873 and the information about executions of the given 
administrative query and the PR records they returned that is contained in 
AQ_PR_log table 875. The state of Persistent Conditions is detected as follows: 
35 when system 801 is executing a given administrative query and the 
administrative query returns a result set that includes a given PR record, system 
801 searches in AQ„PR log record for a record that matches the given PR record 
and given administrative query. If such a record is found, system 801 compares 
the value of the date„aq„executed field in the AQ_PR log record with the value 
40 of the datetime_executed field of the most recent Admin_query_log record for 
the given administrative query. There are three possible outcomes: 
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1. There may be no AQ_PR_log record at all for the given PR record and 
the given administrative query; if that is the case, this is the first time 
the given PR record has been part of the result set returned by the 
given administrative query and the given PR record is in a state of 

5 First Occurrence for this execution of the given administrative query. 

2. There is an AQ_PR_log record for the given PR record and the given 
administrative query, but the value in the date_aq„executed field is 
less recent than the value in the datetime_executed field in the most 
recent Admin_query Jog record for the given query, indicating that 

10 the immediately preceding execution of the given query did not 

return the given PR record in its result set and that the given PR 
record is therefore not in the state of Persistent Conditions; thus the 
given PR record will again be in the state of First Occurrence for this 
execution of the given administrative query. 

15 3. There is an AQ_PRJog record for the given PR record and the given 
administrative query, and the value in the date_aq_executed field is 

In equal to the value in the datetime„executed field in the most recent 

ii3 Admin_queryJog record for the given query, indicating that the 

y immediately preceding execution of the given query did return the 

Jjl 20 given PR record in its result set; thus the given PR record is in the state 

^pjj of Persistent Conditions for this execution of the given administrative 

i . query. 

A scenario that will produce outcome (2) above is the following: an 
fH; administrative query called "Find overdue PR records" returns all PR records 

25 where the value of the is_closed field is zero, indicating that the record is still 
lini open, and the value in the date_due field is less recent than the time of the 

O current execution of the administrative query. The administrative query is run 

every hour. PR record #120, has a date_due field that specifies 11:30, When the 
administrative query is run at 12:00, it returns PR record #120. Then, at 12:30, the 
30 person responsible for the process extends the deadline by setting the date_due 
field in record #120 to 1:30. When the administrative query is run at 1:00, it does 
not return PR record #120. The 1:30 deadline is also not met, and when the 
administrative query is run at 2:00, it again returns PR record #120; however, 
since the administrative query returned PR record #120 at 2:00 but did not return 
35 it at 1:00, PR record #120 is not in the state of Persistent Conditions with regard 
to the "Find overdue PR records*' administrative query at 2:00, but is instead 
again in the state of First Occurrence. 

AQJrends table 879 

40 As shown in Fig. 8, this table properly belongs to administrative queries 

tables 845. AQ_trends table 879 logs information which system 801 can use to 
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determine trends in the way in which the processes being monitored by a given 
administrative query are behaving and to perform administrative actions as 
determined by those trends. 

5 There may be a record in this table for every administrative query for 

which trends are being tracked. The record for a given administrative query can 
be configured to recognize trends over a particular time interval in the number of 
PR records returned by executions of the given administration query and to 
specify administrative activities for particular trends. When a particular 

10 threshold is reached and detected during an execution of the administrative 
query, the execution of the administrative query may result in the performance 
of an administrative action on a particular PR record that is separate from the PR 
records returned by the administrative query. The interaction between the 
record for an administrative query in the AQ_trends table and executions of the 

15 administrative query is another example of conditional performance of an 
administrative action based on a condition that is detected during execution of 
the query. 

One administrative activity specified in the AQ_trends table record may 
set a field in the separate PR record indicating that the threshold for a trend in 

20 one direction has been exceeded, and another may reset that field if a trend is 
below the given threshold. The determination of "exceeding'' the threshold or 
going ''below'' a given threshold is dependent on a direction qualifier. Another 
administrative query may query PR records set by these administrative activities 
and when one of these records is in a state of Persistent Conditions over time, 

25 indicating that a trend is continuing, an execution of the other administrative 
query may result in performance of an administrative activity that notifies 
someone or takes some other action to remedy the trend. 

A record in AQ__trends table 879 has the form: 
AQ trends ( 

30 id NUMBER (12) NOT NULL, 

admin__query_id NUMBER (12) NOT NULL, 

time_interval NUMBER (12,2) NOT NULL, 

direction_type NUMBER (2) NOT NULL, 

percentage_set NUMBER (12,4), 

35 percentage_reset NUMBER (12 , 4) , 

pr_id NUMBER (12) NOT NULL, 

aa_post__on_set NUMBER ( 12 ) , 

aa_post_on_reset NUMBER(12), 

date_updated DATE NOT NULL 



40 



A record in AQ_trends table 879 can be configured to respond to trends 
visible in the executions of the administrative query associated with the record. 
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based on the number of PR records that match given administrative query, as 
reflected in the values of the 'pr__count_matched' field in the query's 
Admin__queryJog table 873, and the behavior of the values of that field over 
time. This table contains the following data fields: (a) id: unique ID in this table, 
5 (b) admin_query_id: the ID of the specific administrative query, which the given 
record is configured for, (c) time_interval: a specific time interval, across which a 
trend is calculated, e.g., 24 hours, (d) direction_type: an indicator for whether a 
watch is on an increase in 'pr_count__matched', or a decrease in same, (e) 
percentage_set: is a threshold, which when exceeded, will cause system 801 to 

10 perform a ''set" administrative activity during execution of the administrative 
query on a PR record; (f) percentage_reset: is a threshold, below which the same 
is done with a "reset" administrative activity; (g) pr_id: a unique identifier for the 
PR record which will be operated on by the set and reset administrative 
activities, (h) aa_post__on__set: an identifier for the record in Admin_activity__type 

15 table 841 for the set administrative activity's administrative activity type; (i) 
aa_post_on_reset: the same for the reset administrative activity, and (j) 
□ date_updated: the date and time that this record was last updated. 

ill Details of action tables 857 

fi 20 The actions performed by system 801 when it executes a given Administrative 
^ activity type are described in records in action tables 857 whose pr„activity_type 

SO fields contain the unique identifier of the given Administrative activity type's 

J,, record in PR_activity type table 837. There are a number of kinds of actions, and 

^ each kind has its own table in action tables 857. If an Administrative activity 

25 type is seen as a kind of program, the actions associated with a given 
IM Administrative activity type can be seen as the Administrative activity type's 

0 instructions. As with normal program instructions, the action performed by a 

h4 given program instruction may depend on a value that is obtained at runtime. 

When the actions belonging to a given administrative activity are executed, they 
30 are executed in the order given by the values of the action records' identifiers. In 
other embodiments, there may be other provisions for establishing an order in 
which the actions are executed and there also may be provisions for gotos and 
conditional branches. An important aspect of the present invention is the ability 
to easily modify pre-existing Administrative activity types. To modify an 
35 administrative activity type, one needs only modify the records in action tables 
857 for the actions belonging to the administrative activity type, either by adding 
or deleting records or editing existing records. Modification of an administrative 
activity is not only easy, but safe, since the modifications are constrained by the 
fields available in the action records being added, deleted, or edited. 

40 In a preferred embodiment, there are three broad classes of actions: those 

which modify a PR record which belongs to the result set returned by an 
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administrative query; those which post records for activities to the PR^activity 
table, and one action which generates a report about the PR records in the result 
set returned by the administrative query. The relationship between these classes 
of actions and the kinds of actions are as follows: 

5 • Kinds of actions which modify PR records: 

- AA_set_values actions in table 859: these actions set or increment 
fields in PR records that contain neither person nor date values. 

- AA_set_person actions in table 863: these actions set fields in PR 
records that contain person values, A person value is an identifier 

10 for a person known to system 801 . 

- AA_set_dates actions in table 861: these actions set fields in PR 
records that contain date values. The date fields are set with 
reference to other date fields in the PR records or with reference to 
the date and time when an administrative activity is performed. 

15 • Kinds of actions which post records in PR_activity table 839: 

- AA__post_activities actions in table 865: these actions post records 
for any kind of activity type in PR„activity table 839, The posting 
may either schedule an activity for performance or indicate that the 
activity has been performed. 

20 - PR„notification actions in table 865: these actions generate and 

send a notification to a list of people that is associated with the 
process's PR record, post a record to PR_activity table 839 for the 
notification, and makes a record in another table (not shown) which 
indicates who received notifications. 

25 • Report generating actions: 

- AA„exec_report actions in table 865: generates a report which 
includes all the PR records of the result set returned by the 
administrative query that is performing the administrative activity 
that contains the action, formats the report based on a specified 

30 report template, converts its to a PDF file, and mails out the PDF 

file as an attachment to recipients based on a configurable recipient 
list. 

An action table record associated with a given Administrative type may come 
35 from any of the action tables and an Administrative type may have any number 
of action table records associated with it. To clarify by example, for a given 
Administrative activity type, system 801 can be configured to have no records in 
AA_set_values actions table 859, which means that upon performing this given 
Administrative activity type, there will be no effect on any non-date or any non- 
40 person field values in the matching PR records; one record in the AA„set_person 
actions table 863, indicating one specific person field to be affected; and three 
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records in AA___set__dates actions table 861, indicating three specific date or date- 
time fields to be affected by this given Administrative activity type. The same is 
true for the other kinds of actions. 

5 It should be pointed out here that in general, the kinds of actions defined 

for an embodiment of the invention will depend on the kind of process being 
controlled by the invention. The kinds of actions in the preferred embodiment 
are typical for embodiments that are intended to control business and 
administrative processes. Embodiments that are intended to control industrial or 
10 technical processes may have actions that result in physical actions being 
performed. Examples might be sounding an alarm, adjusting a valve, or 
rerouting a stream of packets. The details of the action tables are presented in 
the order of the above taxonomy. 

15 AA_set_value$ table 859 

The actions represented by the records in this table affect values in PR 
0 records returned by the administrative query that performs an administrative 

''l^; activity which includes the record's action. 

Records in this table have the following form: 

20 AA_set^values ( 

J id NUMBER (12) NOT NULL, 

m pr_activity_type NUMBER (12) NOT NULL, 

data_field_id NUMBER (12) NOT NULL, 

H action_type NUMBER (6) NOT NULL, 

S 25 set_type_id NUMBER (12) NOT NULL, 

il date_updated DATE NOT NULL 

in ) 

Records in AA_set_values table 859 contain the following data fields: (a) 
id: unique ID of the record in this table, (b) pr„activity__type: the ID of a record in 

30 table 837 for a specific administrative activity type to which the action belongs; 
(c) data_field_id: a value that specifies what field is to be affected by the action in 
the PR records of the result set returned by the query execution that is 
performing the administrative activity. There is a value of data_field_id 
associated with each of the fields that is defined for a PR record, (d) actionjype: 

35 action to be taken: incrementing the current value of the field specified by the 
value of data„field_id, or setting that field to a pre-determined value, (e) 
set_type_id: a value to be used in setting the specified field; when action„type 
specifies increment, the value of set__type_id is the value by which the value in 
the field specified by data__field_id is to be incremented (or decremented); 

40 otherwise, it is a constant value to which the field is to be set, and (f) 
date_updated: the date and time that this record was last updated. 
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AA_set_person table 863 

The actions represented by the records in this table affect person values in 
PR records returned by the administrative query that performs an administrative 
activity which includes the record's action. 

5 Records in this table have the following form: 

AA_setjperson ( 

id NUMBER (12) NOT NULL, 

pr__activity_type NUMBER (12) NOT NULL, 
data__field_id NUMBER (12) NOT NULL, 
10 person_role_type NUMBER (12) NOT NULL, 

person_rel_id NUMBER (12) NOT NULL, 

date__updated DATE NOT NULL 

) 

Records in this table contain the following data fields: (a) id: unique ID of 
15 the record in this table, (b) pr_activity_type: the ID of the record in 
PR_activity_type table 837 of the Administrative activity type to which this 
J5 action belongs; (c) data__field„id: an identifier for the field in the PR record that is 

yj to be affected by the action, (d) persori_rel_id: if not null, the value to be assigned 

ill to the field specified by data_fieldjd; this value is an identifier for a specific 

20 person, (e) person_role_type: if not null, a value for a role that is to be assigned to 
^p! the affected field; in this case, system 801 will select an ID of a person from a 

fil circular list of persons with the given role. System 801 remembers the last person 

^ selected from the list in conjunction with performance of an activity of the given 

i3 Administrative activity type, so that on the next occurrence of such an activity, 

CP 25 system 801 will select the next person on the given list; and (f) date_updated: the 
date and time that this record was last updated. 

H AA_set_dates table 861 

30 The actions represented by the records in this table affect date or date and 

time values in PR records returned by the administrative query that performs an 
administrative activity which includes the record's action. 

Records in this table have the following form: 
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AA_set_dates ( 

id 

pr_activity_type 
data__f ield_id 
data_f ield_not_set 
no t __s e t _add_va 1 ue 
data_f ield_if_set 
s e t_add__va lue 
b"usiness__days_rule 
date_updated 

) 



NUMBER (12) 
NUMBER (12) 
NUMBER (12) 
NUMBER (12) , 
NUMBER (12) , 
NUMBER (12) , 
NUMBER (12) , 
NUMBER (2) , 
DATE NOT NULL 



NOT NULL, 
NOT NULL, 
NOT NULL, 



Records in this table contain the following data fields: (a) id: unique ID in this 
table, (b) pr_activity_type: the ID of the record in PR„activity_type table 837 that 
15 represents the administrative activity type that the action represented by the 
record belongs to; (c) data_field_id: an identifier for a date or date/ time field in 
the PR record which is to be affected by the change, hereinafter the "affected 
field"; (d) data_field_not_set: an identifier for a field in the PR record whose 
value specifies a date or date/ time type field; the field's value is used as a 
20 reference value when the current value of the affected field is null, (e) 
O not_set_add„value: a numeric value to be added to the reference value of the 

Wl when the affected field is null; the affected field is set to the result of the addition; 

(f) data_fieldJ[jLset: an identifier for a field in the PR record whose value 
^ specifies a date or date/ time type field; the field's value is used as a reference 

l^. 25 value when the current value of the affected field is not null, (e) set_add_value: a 
[I numeric value to be added to the reference value when the affected field is non- 

li null; the affected field is set to the result of the addition; (h) business„days_rule: 

in a code specifying whether the value of the not_set„add_value or the 

Kl set_add_value field represents business days or calendar days; and (i) 

30 date„updated: the date and time that this record was last updated. Note 1: 
'not_set_add_value' and 'set_add_value' may be positive, negative, or zero and 
may also specify fractions of days. Note 2: if a reference field id equals a given 
constant, e.g., -1, this indicates to system 801 to not use any specific date or 
date/ time field, but rather, the date/ time of when the given administrative 
35 activity is executed, i.e., the then current time. 

AA_postjxctivities table 865 

Records in AA_post_activities table 865 represent actions that post records 
40 in PR_activity table 839 for non-administrative activities. The action may post 
the activity as either having been performed or scheduled to be performed. 

Records in this table have the following form: 
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AAjpost activities ( 

Id NUMBER (12) NOT NULL, 

pr_activity_type NUMBER (12) NOT NULL, 

post_activity_type NUMBER (12) NOT NULL, 

posting_mode NUMBER (2) NOT NULL, 

data_f ield_date NUMBER ( 12 ) , 

add_value NUMBER ( 12 ) , 

business__days_rule NUMBER (2), 

data_f ield_person NUMBER ( 12 ) , 

responsible_rel_id NUMBER { 12 ) , 

date_updated DATE NOT NULL 
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Records in AA_post_activities contain the following data fields: (a) id: unique ID 
of the record in this table, (b) pr_activity„type: the ID of the record in 
PR_activity_type table 837 that represents the administrative activity type that 
the action represented by the record belongs to; (c) post_activity_type: the ID of 
5 the record in PR_activity_type table 837 that represents the activity type of the 
non-administrative activity being posted in PR_activity table 839; (d) 
posting„mode: a code specifying whether the non-administrative activity should 
be posted as a scheduled activity or as a performed activity, (e) data__field_date: 
an identifier for a field in the PR record whose value specifies a date or 

10 date/ time type field; the field's value is used as a reference value to compute a 
date or date/ time at which the non-administrative activity is to be scheduled for 
performance if the value of posting_mode indicates that the non-administrative 
activity should be scheduled, rather than performed right away; (f) add_value: a 
numeric value to be added to the reference value in the case where 

15 posting__mode indicates that the given activity should be posted as scheduled; 
the result of this addition will be used to set the date„scheduled field of the given 
PR Activity record; (g) business_days_rule: a code specifying whether the value 
of the add„value field represents business days or calendar days; (h) 
data„field_person: an identifier of a person type data field in the PR record the 

20 administrative activity is being performed on whose value is to be used to 
indicate the person responsible in the PR_activity record being posted; (i) 
responsible__reLid: the value of this field is an identifier for a person who is the 
person responsible for the given PR Activity; the value will be used in the 
responsible^reljd field of the PR__activity record being posted; (j) date_updated: 

25 the date and time that this record was last updated. Note 1: the value of 
'add_value' is specified using any desired day or fraction of a day units. Note 2: 
the specifiers 'data_field_person' and 'responsible__rel__id' are mutually exclusive. 
Note 3: When posting a PR_activity record as a performed activity, system 801 
sets the date_performed field of the PR^activity record to the date/ time that said 

30 activity was posted by the system, yet leaves the date scheduled field null, 
whereas when posting an activity as a scheduled activity, system 801 sets the 
date scheduled field of the activity as explained above, yet leaves the date 
performed field null. 

35 PR_notification table 867 

The actions represented in the records of this table generate a record in 
PR_activity_type table 837 for a notification activity that sends a notification to a 
list of people that are associated with the process's PR record, posts a record to 
PR_activity table 839 for the notification activity, and makes a record in another 
40 table that keeps track of who received notifications. 
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Records in table 867 have the following form: 



PR notification ( 



id 

project_id 

pr_ac t i vi t y_type 

trigger_type 

pr_owner 

customer 

originator 

reporting_to 

activity_meTribers 

date_updated 

primary key (id) 



NUMBER (12) NOT NULL, 
NUMBER (12) NOT NULL, 
NUMBER (6) NOT NULL, 
NUMBER (6) NOT NULL, 
NUMBER (1) NOT NULL, 
NUMBER (1) NOT NULL, 
NUMBER (1) NOT NULL, 
NUMBER (1) NOT NULL, 
NUMBER (1) NOT NULL, 
DATE NOT NULL, 



Records in this table contain the following data fields: (a) id: a unique ID 
in this table, (b) project_id: a specific Project ID, as notifications may be 
configured differently in different projects, (c) pr_activity_type: the ID of the 
record in PR_activity_type table 837 that represents the administrative activity 
type that the action represented by the record belongs to; (d) trigger_type: an 
indicator of when notification should be triggered, e.g., when the notification 
activity is posted as a scheduled activity to the PR_activity table 839 or when it is 
actually performed; (e) pr_owner: if the value equals one, the PR owner, i.e., the 
Assigned To person, should be notified, (f) customer: if the value equals one, the 
PR main contact should be notified, (g) originator: if the value equals one, the PR 
originator, e.g., the requestor, should be notified; (h) reporting_to: if the value 
equals one, the manager of the Assigned To person should be notified, (i) 
activity_members: if the value equals one, all members of the given activity 
should be notified; all of these persons are identified in a record associated with 
the PR record for which the activity is executed; and (j) date__updated: the date 
and time that this record was last updated. 

AA_exec_report table 869 

The actions represented by the records in this table generates a report 
concerning the PR records of the result set returned by the query which performs 
the activity to which the action belongs. 
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Records in table 869 have the following form: 
AA_exec_report ( 

id NUMBER (12) NOT NULL, 

pr_activity_type NUMBER (12) NOT NULL, 
5 report_template_id NUMBER (12) NOT NULL, 

filenamejpath VARCHAR2 (254) , 

date_updated DATE NOT NULL 

) 

10 The records in AA_exec_report table 869 represent actions that generate reports. 
A report is generated using a configured report template and includes all the PR 
records that were matched by the administrative query that resulted in the 
performance of the activity the action belongs to. The AA_exec_report table 869 
contains the following data fields: (a) id: unique ID in this table, (b) 

15 pr__activity_type: the ID of the record in PR_activity_type table 837 that 
represents the administrative activity type that the action represented by the 
record belongs to; (c) report_template_id: the id of a template for the report to be 
generated by the action; (d) filename_path: a complete filename and path 
specifying where the report should be saved ~ this is not a mandatory field, and 

20 if not specified, the report will be generated as a temporary file - either the 
specified file or the temporary file is then sent electronically as an attachment to a 
specified list of recipients; and (e) date_updated: the date and time that this 
record was last updated. The list of recipients is in another table; the record for 
each recipient has a pr„activity_type value that specifies the record for the 

25 administrative activity type that the action represented by the AA_exec_report 
record belongs to. 

Details of the operation of system 801: FIGs. 1-4 

30 Overview of operation: FIG A, 

FIG. 1 is a high-level flowchart 101 of the operation of system 801. The 
first step (103) is configuring the system. The configuration process begins after 
a process that is to be monitored by system 801 has been designed. First, the 
persons doing the configuration design a PR record for the process, with the 

35 particular fields required to monitor the process. Once this is done, the persons 
doing the configuration can configure the administrative queries that will do the 
actual monitoring. The administrative queries are configured by making or 
selecting records in administrative query tables 845 for the entire query (in 
Admin_query 853), for the SQL for the query (in PR_query 847), for the scope of 

40 the query (in AQ_scope 849), for the schedule for executing the query (in 
AQ_schedule_detaiI 852), and for the administrative activities to be executed by 
the query (in PR„activity_type 837). The actions for each administrative activity 
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must further be defined in records in action tables 857. The PR_activity__type 
record for the initial administrative action for the query is specified in the query's 
record in Admin_query 853; this activity is performed whenever a PR record 
returned by the query is in the state of First Occurrence. PR_activity_type 
5 records for the activities that are performed when a PR record returned by the 
query is in the state of Persistent Conditions are specified in a program sequence 
for the query of Program_sequence records in table 855. It is an important 
advantage of system 801 that a query may be configured using records in 
PR_query table 847, AQ_scope table 849, AQ_schedule table 851, and 
10 Admin_activity_type table 841 that were created for other queries. This feature 
permits work that was previously done to configure another query to be reused 
in configuring a new query. 

Once the process has been designed and records in the tables in DB 
system 825 have been properly configured, system 801 can begin executing 

15 administrative queries for the process. System 801 loads all the configuration 
information from administrative query tables 845, and Action tables 857 to 
construct current schedule table 823 and current query and processing plans 
table 824 in memory 809 of computer 803 in system 801; then selects the next 
administrative query to be executed from the current schedule table 823. Each 

20 time an administrative query is executed, system 801 uses the information for 
scheduling stored in current schedule table 823 for the query to specify the time 
of the query's next execution; each time this is done, system 801 finds the record 
in schedule table 823 that has the shortest time remaining until execution and 
executes the query when that time has expired, as shown in step 105, 

25 If there is no query to be executed at the present time, system 801 takes 

branch 109 and checks whether any changes have been made in the 
configuration tables that define the processes and queries in DB system 825, 
namely: administrative query tables 845 and Action tables 857 (step 115); if there 
are no changes in the configuration, branch 107 is taken back to decision block 

30 105; if there are any changes, branch 117 is taken and the updated configuration 
from the configuration tables in DB system 825 is fetched and the current 
schedule table 823 and the current query and processing plans table 824 are 
modified as required for such changes (step 119), and when that is done, system 
801 returns to decision block 105 and again checks whether it is time to execute 

35 the next scheduled administrative query (loop 121). 

If there is a query to be executed, system 801 executes the administrative 
query as it has been configured in tables 845 (block 113), as reflected in the 
current query and processing plans table 824: the query specified in the 
administrative query's PR_query record is executed on the PR records belonging 
40 to the scope specified in the query's AQ__scope record, and the activities specified 
in the administrative query itself and in its program sequence in 
Program_sequence 855 are performed. The activity performed for a given PR 
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record in the result set returned by an execution of an administrative query will 
depend on the record's state with regard to that execution; depending on the 
action records that belong to an administrative activity's Administrative activity 
type, performance of the administrative activity may modify the PR record, may 
5 post an activity in PR_activity table 839, may notify interested parties of 
something that has taken place in the process, may generate a report about the 
result set returned by the query, or may take action based on trends. When all of 
this is finished, system 801 updates the current schedule table 823 for the query 
just executed, setting the time for when this query will be executed next. Before 
10 executing the next query, 801 checks whether the configuration has changed 
(decision block 115); the possible results of such a check have already been 
described. 

Details of configuring Administrative activity types: FIG. 2 

15 An administrative activity type is configured by associating one or more 
actions defined in action tables 857 with the administrative activity type. In 

In flowchart 201, the kinds of actions are represented by blocks in the flowchart. 

=5 With regard to a given administrative activity type, there may be any number of 

W actions associated with the given administrative activity type, the actions may be 

^ 20 of any kind, and they may be configured in any order. An action defined by a 

jlj given record in action tables 857 may, however, be associated with only a single 

m administrative activity type. 

Beginning with block 205, that block represents the configuration of 
r4 notification actions represented by records in PR_notification table 867; block 207 

|i 25 represents the configuration of actions that set values in PR records; these actions 
m are represented by records in AA_setL_values table 859, AA_set^dates table 861, 

Kl and AA_set^person table 863. Block 209 represents the configuration of post 

activity actions represented by records in AA„post_activities table 865; Block 211, 
finally, represents actions represented by records in AA_exec_report 869. 

30 

Details of configuring administrative queries: FIG, 3 

An administrative query is configured by associating an SQL query, a 
scope, a schedule, an Administrative activity type for the initial activity, a 
program sequence of Administrative activity types, a record in AQ_trends table 
35 879, and a priority with the administrative query. Previously existing SQL 
queries, scopes, schedules, and Administrative activity types may be reused in 
the configuration; the program sequence and the record in AQ_trends table 879 
must be defined for the particular administrative query being configured. 
Flowchart 301 shows these operations; they may be performed in any order. 
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Beginning with block 305, that block sets forth the association of the SQL 
query with the administrative query; block 307 sets forth the association of the 
projects that define the adininistrative query's scope with the administrative 
query; block 309 sets forth the association of a schedule of execution with the 
5 query; block 310 sets forth the association of a record in AQ_trends table 879 
with the administrative query; block 311 sets forth the association of the 
Administrative activity type for the query's initial administrative activity with 
the query; block 313 sets forth the association of a program sequence in 
Program__sequence table 855 with the query; block 315 sets forth the assignment 
10 of the query to a priority group. 

Details of administrative query execution: FIG, 4 

FIG. 4 is a more detailed flowchart 401 of blocks 105 and part of block 113 
of FIG. 1. The part of the flowchart inside the dashed line represents block 105; 
15 the remainder represents block 113. Flowchart 401 shows how system 801 
S3 executes the code of execution module 821 of system 801 to execute an 

administrative query, performs activities associated with the query, and 
schedules the next execution of the administrative query. 

0 Beginning with start block 403, as set forth there, flowchart 401 may be 

20 entered by the paths indicated by 103, 107, and 121 in FIG. 1 The first step is 
checking current schedule table 823 (block 407) for an administrative query that 
r is scheduled to be executed at the current time; if none is found, it takes branch 

y 409 from decision block 411 to decision block 115 in FIG. 1 to check if the 

VS configuration has changed. If there is an administrative query to execute at this 

f J 25 time, it takes branch 413 to block 415. 

|3 The first step in that branch (block 415) is to execute the SQL query 

specified in the administrative query's record in Admin_query table 853, limiting 
the PR records the query is executed on to those specified in the projects 
specified in the administrative query's record scope. If the result set of PR 

30 records returned by the query is empty (decision block 417), branch 419 is taken: 
the execution of the query is logged in Admin_query_log table 873 (block 433) 
and system 801 uses the information contained in the schedule specified in the 
administrative query's record to update the administrative query's record in 
current schedule table 823 with the time of the next execution of the 

35 administrative query and returns to block 407. 

If the result set is not empty, each PR record in the result set must be 
processed and system 801 begins executing loop 425, which gets executed once 
for every PR record in the result set. First, the next PR record in the result set is 
fetched (423); if there are no more PR records in the set (decision block 427), 
40 branch 429 is taken to branch 419, and processing continues as described above 
for that branch. If there is a PR record to process, branch 431 is taken to FIG. 5. 
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Details of the processing of a PR record: FIG. 5 

Processing of a PR record is shown at FIG. 5. As shown, block 537 
determines the current record state; the next step (decision block 539) determines 
5 if the PR record is in the state of First Occurrence; if not, it is in the state of 
Persistent Conditions. As explained above, system 801 determines the state by 
examining the most recent execution record for the administrative query in 
Admin_query_log 873 and the most recent record for an execution of the 
administrative query with regard to the PR record in AQ_PR„log 875. 

10 If the PR record is in the state of First Occurrence for that execution of the 

administrative query, system 801 takes branch 543 and performs the 
administrative activity whose Administrative activity type is specified in the 
field pr__activity_type of the administrative query's record in Admin„query table 
853. That done, system 801 initializes the Next Sequence Pointer; in a preferred 

15 embodiment, it is initialized to 1 (545). 

% If the PR record is in the state of Persistent Conditions, system 801 takes 

J| branch 541. In that branch, it first evaluates the record in the administrative 

W query's program sequence that is specified by the current value of the Next 

C3 Sequence Pointer (block 551) to determine whether an administrative activity 

^ 20 need be performed regarding the PR record on this execution of the query 
(decision block 555). If none need be performed, branch 558 is taken: a record 
r' for the current execution of the administrative query and the PR record is made 

f;;! in AQ_PRJog table 875, setting the dateL_aq__executed field to the date/ time that 

Kl the given administrative query was executed, and the next execution of loop 425 

ff 25 begins. 

13 If the program sequence record specified by the current value of the Next 

Sequence Pointer indicates that the administrative activity specified in the 
program sequence record must be performed, system 801 takes branch 556; as set 
jforth in block 549, system 801 performs the administrative activity and sets the 

30 value of the Next Sequence Pointer as indicated in the program sequence record. 
At this point, branch 543 and branch 556 come together; on both branches, the 
performed administrative activity is posted in PR_activity table 839 (block 557). 
Next, a record for the current execution of the administrative query, the PR 
record, and the performed administrative activity is made in AQ_PR_log table 

35 875 (block 559), setting the following fields principal fields in AQ_PRJog table 
875: admin_queryjd, pr_id, date_aq_executed, date_aa_executed, and 
pr_activity_type; after this, the next execution of loop 425 begins. 
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Conclusion 

The foregoing Detailed Description has disclosed to those skilled in the 
relevant arts how to make and use a process control system that automatically 
provides as much monitoring as is desirable for the processes being controlled 
5 and has disclosed to those skilled in the relevant arts the best mode presently 
known by the inventors for implementing their process control system. The 
information needed to do the monitoring, including the queries that perform the 
monitoring and the activities to be performed in response to conditions detected 
by the queries, is all contained in tables in a database system. The fact that the 
10 information is contained in the database tables makes the process control system 
easily and safely configurable and extendable. 

It will be immediately apparent to those skilled in the relevant arts that 
there are many other ways of implementing the invention. In particular, there 
are many ways in which the information needed to do the monitoring can be 
15 represented in the database system. Moreover, the information needed and the 
Q manner in which the process control system operates will both vary with the 

W kind of process being monitored; in the preferred embodiment, the processes 

fi being monitored are business processes; other embodiments may monitor 

f^i physical processes and the information in the database system, the manner in 

m 20 which it is organized, and the manner in which it is used to do the monitoring 
^ will all vary accordingly. 

W Since that is the case, the Detailed Description is to be regarded as being in 

z^^ all respects exemplary and not restrictive, and the breadth of the invention 

f I disclosed herein is to be determined not from the Detailed Description, but rather 

il 25 from the claims as interpreted with the full breadth permitted by the patent laws. 



What is claimed is: 
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